C erviCal spondylotic myelopathy (CSM) is a degenerative cervical spine disease and the most frequent cause of spinal cord dysfunction in adults older than 55 years. 15 Symptoms of CSM are often progressive and include neck or shoulder pain, paresthesias in the arms, inhibited fine motor control, and gait deficits.
patients with CSM treated surgically can expect objective quality of life improvements. 1 While surgery for CSM is generally considered to be effective, complications occur and may impact patient outcomes. A recent multicenter prospective study of 479 CSM patients found a complication rate of 16.25% after surgical treatment; the most common occurrences were dysphagia, dural tear, and infection. The presence of OPLL was found to be a significant risk factor for complication occurrence, along with the comorbidity burden and operative duration. 18 A 2016 systematic review found evidence that older patients, a longer operative duration, and a 2-stage surgery were important risk factors of perioperative complications following surgery for CSM. 17 We used the MarketScan national longitudinal claims database to examine national trends, costs, and outcomes associated with different surgical treatments of CSM, including ACDF, posterior fusion, combined anterior/ posterior fusion, and laminoplasty. The benefit of using a longitudinal national database includes a more comprehensive analysis of the complications, as well as costs associated with treating the CSM patient population in the United States. A 2015 study by Kaye et al. used the Nationwide Inpatient Sample (NIS) database from 2001 to 2010 to review the patient and surgical parameters associated with morbidity and mortality in CSM patients, finding a national morbidity rate of 9.83% and a mortality rate of 0.43%. 5 This database study was unable to capture complications occurring after patient discharge and likely underestimates complication occurrence. In this study, we investigate more recent national outcomes from 2006 to 2010 and use a different database that has the advantage of longitudinal analysis including both inpatient and outpatient results.
methods data source
There has been a gradual increase over time in the number of comorbidities for patients opting to undergo surgical correction of CSM. 12 Thus, a thorough analysis of trends related to these conditions was warranted. We performed a retrospective analysis of the complications and costs of surgical treatments for CSM on a national level. We examined outcomes at the index admission and within 30 days after surgery using the Thomson Reuters MarketScan Commercial Claims and Encounters and Medicare Supplemental databases, administered by Truven Health Analytics. The MarketScan database comprises data that include inpatient admission records, outpatient services, and pharmacy records from more than 100 payers in the United States.
Cohort Definition
MarketScan data for the years 2006 to 2010 were accessed using SAS software (version 9.3, SAS Institute, Inc.). Patients were selected using the criteria of a cervical spondylosis with myelopathy diagnosis (ICD-9 codes 721.1 and 722.71). Our general exclusion criteria included patients with any history of cancer, lymphoma, or leukemia (ICD-9 codes 140.x-172.x, 174.x-195.8, 200. x-208.x, and 196.x-199.1), and any vertebral fracture (ICD-9 805.00-806.09).
Procedure groups were identified using Current Procedural Terminology (CPT) coding; they include ACDF at C-2 or below (22551 or 22554), posterior fusion at C-2 or below (22600), combined anterior and posterior fusion at C-2 or below (22551 and 22600 or 22554 and 22600), and decompression of the spinal canal including laminoplasty (63050 or 63051). Multiple-level fusions were identified using the appropriate ICD-9 codes for 2-3 levels (81.62) and 4-8 levels (81.63).
Cohort-specific exclusion criteria were the following (please see Table 1 for specific codes): The ACDF cohort excluded posterior cervical or any lumbar fusion, the posterior fusion cohort excluded anterior cervical, corpectomy, or any lumbar fusion, the combined cohort excluded lumbar fusion, and the laminoplasty cohort excluded any fusion, fusion devices, or corpectomy.
We identified 35,962 patients overall (Fig. 1 ). Patient characteristics of age, sex, comorbidities, geographic region, and insurance plan type were identified from the database. The patient comorbidity burden was determined from outpatient records prior to admission with appropriate ICD-9 diagnosis codes (Table 1) .
Analyzed outcomes
We determined comorbidities and outcomes using the inpatient and outpatient records of MarketScan. To capture complications, we partitioned inpatient and outpatient records into those occurring before and after the index surgical procedure admission date. We then collected complications using the codes listed in Table 1 occurring before, during, and within 30 days after the index surgical discharge date. A complication was considered new if the patient had no prior history of the complication type in previous records. Comorbid conditions were collected using ICD-9 diagnosis codes (Table 1) .
Hospital payments (total hospital payments for covered services during an admission), physician payments (total physician payments for covered services rendered by the principal physician), and total payments (total payments from all providers) were collected from the index inpatient admission records. To capture all potential long-term expenses of adverse events, we also calculated the total costs accumulated within 90 days after discharge from the index surgical admission. The 90-day associated costs were calculated using the sum of outpatient charges and total payments (as defined above) from the inpatient records. Costs associated with the index admission were not included.
statistical Analysis
Data were prepared and analyzed using SAS software (version 9.3, SAS Institute, Inc.) and R (version 3.2.3). Logistic regression was used to calculate odds ratios (elderly vs nonelderly patients) adjusted for fusion level and comorbidities. The associated p values were based on a Wald chi-square test. To evaluate drivers of payments of all costs (total payments from index admission plus 90-day postoperative costs) associated with complications that occurred during and after the index procedure, we performed an ordinary least squares regression. Feature pairs with a correlation greater than 0.75 were removed.
results patient characteristics
The characteristics of our 35,962 CSM patients are summarized in Table 2 . Our assessment of patient comorbidities began by dividing the overall patient cohort into 4 groups, based on the specific procedure performed. Surgical options included ACDF (n = 30,600, 85.1%), posterior fusion (n = 3540, 9.8%), combined anterior/posterior fusion (n = 957, 2.7%), and laminoplasty (n = 865, 2.4%). Approximately 88% of patients from each procedure cohort had a follow-up of at least 90 days. Overall, approximately 93% of patients were discharged home. The majority of patients who were not discharged home were discharged to an inpatient rehabilitation facility (3%) or a skilled nursing facility (2%).
The comorbidity burden is summarized in Table 3 . For the ACDF cohort, certain trends in comorbid conditions were noted. The most common comorbidities included hypertension (45.0%), uncomplicated diabetes (17.8%), and chronic obstructive pulmonary disease (COPD) (17.4%). Similar comorbidity trends were noted for the posterior fusion, combined anterior/posterior fusion, and laminoplasty cohorts. The combined anterior/posterior cohort had the highest incidence of osteoporosis (20.6%).
outcomes
A summary of the postoperative outcomes in each surgical cohort is shown in Table 4 . Age-stratified outcomes are shown in Table 5 with odds ratios adjusted for fusion level and the 10 comorbidities listed in Table 3 .
Overall, patients older than 65 years experienced increased rates of the occurrence of any complication for all procedure cohorts except the laminoplasty cohort and decreased rates of 30-day readmissions for all 4 procedure cohorts that we investigated.
AcdF
We found an overall complication rate of 15.6% in the CSM patients who underwent ACDF. Commonly occurring complications were wound complications (2.0%), pulmonary complications (2.5%), cardiac complications (4.2%), and dysphagia (4.1%)
Within this cohort, a significantly higher frequency of any complication occurrence was seen in the elderly population compared with the nonelderly counterparts (22.3% vs 14.7%, respectively, p < 0.0001). However, the 30-day readmission rate was significantly lower in the elderly group (2.6% compared with 3.8% in the nonelderly group, p < 0.0001). The elderly group had a significantly higher risk of experiencing any complication (adjusted OR 1.54) and a significantly lower risk of experiencing a 30-day readmission (adjusted OR 0.54).
posterior Fusion
We found an overall complication rate of 29.2% in the CSM patients who underwent posterior fusion. Commonly occurring complications were cardiac complications (8.6%), pulmonary complications (5.9%), and wound complications (5.9%). New chronic pain occurred in approximately 2.0% of patients. A significantly higher frequency of any complication occurrence was seen in the elderly population compared with the nonelderly group (32.3% versus 27.9%, respectively, p = 0.0084). Interestingly, this group had the highest incidence of deep vein thrombosis (DVT) (2.6%). The elderly group had a significantly higher risk of experiencing any complication (adjusted OR 1.25) and a significantly lower risk of experiencing a 30-day readmission (adjusted OR 0.32). 
Combined Anterior and Posterior Fusion
We found an overall complication rate of 41.1% (29.3% excluding dysphagia) in the CSM patients who underwent combined anterior and posterior fusion. Notable complications for this group included dysphagia (11.3%), cardiac complications (8.6%), and pulmonary complications (18.3%). The overall complication rate was approximately the same for elderly and nonelderly patients (45.2% and 39.9%, p = 0.4306). The 30-day readmission rate was significantly lower in the elderly group (3.4% compared with 15.1% in the elderly group, p < 0.0001). The elderly group had a significantly lower risk of experiencing a 30-day readmission (adjusted OR 0.17, p < 0.0001).
laminoplasty outcomes
We found an overall complication rate of 22.4% in the CSM patients who underwent laminoplasty. Notable complications in this procedure group were cardiac complications (7.4%), wound complications (5.3%), and pulmonary complications (3.0%). Interestingly, this procedure group had the lowest rate of dysphagia (0.35%). Within this cohort, similar rates of any complication occurrence were seen in the elderly (25.1%) compared with the nonelderly (21.5%) populations (p = 0.4511). The elderly group had a significantly lower risk of experiencing a 30-day readmission (adjusted OR 0.39, p = 0.0180).
costs
We performed an ordinary least squares regression to identify the primary drivers of 90-day payments for the ACDF and posterior fusion (Table 6 ). Due to limited numbers in the combined anterior/posterior fusion cohort and the laminoplasty cohort, we chose not to conduct regression analysis on these groups. The base costs for ACDF and posterior fusion were $26,127 and $26,811, respectively. The largest drivers of cost within 90 days for ACDF were 30-day readmission ($28,658, p < 0.0001), pulmonary complications ($20,268, p < 0.0001), DVT ($18,943, p < 0.0001), and delirium ($17,404, p < 0.0001). Neurological complications and wound complications were also associated with increases of greater than $5000 (both p < 0.05). Patients who were discharged to a location other than home had an associated increase in cost of $6658 (p < 0.0001). Large drivers of cost in the posterior fusion cohort were the occurrence of 30-day readmission ($30,357, p < 0.0001), dysphagia ($30,052, p < 0.0001), neurological complications ($25,788, p < 0.0001), and pulmonary embolism ($24,524, p = 0.0084).
discussion
CSM is a potentially debilitating disease with multiple treatment options. In recent years, surgical treatment options have been increasingly used. 12 Multiple studies have sought to assess trends related to these procedures. opting to undergo surgical treatment has steadily increased, the overall complication and mortality rates have remained relatively stable at 10.3%. 12 However, use of the NIS database may not adequately capture complications occurring after patient discharge, thereby underestimating complication occurrence. We therefore conducted a retrospective analysis of CSM patients undergoing surgical treatment using MarketScan, a longitudinal national database.
Analysis of complications
We found an overall complication rate of 15.6% after ACDF, 29.2% after posterior fusion, 41.1% after combined anterior and posterior fusion, and 22.4% after laminoplasty. Our rates of adverse events were consistently higher than those reported in previous national cohort studies using the NIS database, likely because of our advantage in tracking patients after discharge. According to the NIS, CSM patients who underwent spinal fusion surgery be- tween 1993 and 2002 had an overall complication rate of 13.4% and a mortality rate of 0.6%. 3 A more recent NIS study assessing anterior and/or posterior cervical fusion or laminoplasty between 2001 and 2010 found a total complication rate of 9.83% and a mortality rate of 0.43%. 5 Despite our higher complication rate findings, our mortality rates were largely comparable to those of NIS studies. This is likely because the MarketScan database does not adequately capture mortality after discharge since, similar to the NIS, it is only found in inpatient records. Our complication rates were more similar to a prospective, multicenter study conducted in 2012 of 302 patients, which found an overall complication rate of 15.6%. In particular, their anterior-only, posterior-only, and combined anterior/ posterior procedures had complication rates of 11%, 19%, and 37%, respectively, which was a trend that we similarly found in our own ACDF, posterior fusion, and combined anterior/posterior fusion cohorts. 8 We stratified our patient cohort by age to compare complication occurrence. Age had the strongest impact on complications following ACDF and posterior fusion. Limited patient numbers in our combined anterior/posterior fusion and laminectomy cohorts may have influenced our ability to detect differences in complication occurrences for elderly and nonelderly patients in these cohorts.
Our results validated prior findings of the impact of increased age on higher complication risks, while providing the distinct advantage of utilizing a longitudinal national claims database with extended follow-up. In a previous study, we demonstrated that an increasing number of postoperative complications can be captured in longitudinal administrative databases compared with nonlongitudinal databases as early as 30 days after the index surgical procedure. 19 Boakye et al. examined NIS data for spinal fusion surgery from 1993 to 2002 and similarly discovered that age had an impact on the development of complications in the CSM population. In particular, the authors found that patients between 65 and 84 years old were 8 times more likely to have a postoperative adverse event, while patients 85 years and older were 45 times more likely to have a complication. 3 Fehlings et al. used a prospective cohort from multiple institutions and found that age was a significant predictor of major complication occurrence. 8 
cost Analysis
A 2008 review of the NIS database for the surgical correction of CSM through spinal fusion found that the presence of one postoperative adverse event increased hospital charges by more than $15,000. 3 Our study expands on the NIS findings of costs associated with CSM surgical treatments by showing the incremental costs associated with complications for ACDF and posterior fusion procedures in CSM patients. Complication cost estimates are likely larger than those reported in the previous study because this study included admission costs with 90-day payments after discharge. The longitudinal nature of MarketScan may also be a driver of increased cost estimates when compared with NIS. Nonetheless, our study shows that the financial burden of adverse events associated with surgery for CSM may extend beyond the surgical admission. Minimizing the occurrence of complications in the perioperative period plays an important role in reducing health care costs.
limitations
There are several limitations inherent to studies that use administrative databases. First, analysis is limited to the data available within the MarketScan database. Thus, it is not possible to investigate demographic characteristics such as patient ethnicity and other important clinical variables such as degree of cervical compression or anatomical level operated upon. It is also likely that mortality was not adequately captured, as this is only recorded in the MarketScan inpatient record. Any deaths occurring in a nonhospital setting are not available in the database. Second, because MarketScan is primarily a database composed of privately insured patients, this study population is not an accurate representation of the true heterogeneous patient population. Lastly, because the study is limited to 4 years of MarketScan data, a query to investigate the effects of infrequent comorbid conditions such as OPLL was not possible due to limited patient numbers. Similarly our patient numbers for our combined anterior/posterior fusion group and our laminoplasty group suffered from low numbers, which may have influenced our ability to detect differences in outcome among elderly and nonelderly patients in these groups. We were also not able to investigate the effect of age on health care costs since all elderly patients in the cohort were covered through Medicare, which may influence payment amount.
conclusions
Our analysis of the MarketScan database suggests a higher complication rate in the surgical treatment of CSM than previously found in national estimates. We found that elderly age significantly increased complication risk following ACDF and posterior fusion. In all procedure groups, elderly patients were less likely to experience a readmission within 30 days of the index surgery. Our analysis of the data also suggested the primary driver of cost to be the occurrence of at least one postoperative outcome after surgery. 
